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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected:       
Monodnaviria; Trapavirae; Saleviricota; Huolimaviricetes; Haloruvirales

Description of current taxonomy:       
Monodnavirian kingdom Trapavirae currently comprises two families, Pleolipoviridae (phylum Saleviricota, class Huolimaviricetes, order Haloruvirales) (Liu et al., 2022), which includes haloarchaeal viruses with enveloped pleomorphic virions and single-stranded (ss) or double-stranded (ds) DNA genomes, and Thalassapleoviridae (phylum Calorviricota, class Caminiviricetes, order Ageovirales) (Baquero et al., 2024), which contains pleomorphic viruses infecting hyperthermophilic anaerobic archaea of the class Archaeoglobi. Both families comprise three genera.

Proposed taxonomic change(s):     
We propose creating one new species within genus Betapleolipovirus (family Pleolipoviridae) and one new family, “Nanopleoviridae”, within the order Haloruvirales, for classification of viruses associated with archaea of the candidate phylum Nanohaloarchaeota.

Justification:
Previously established demarcation criteria for the family Pleolipoviridae suggested that Danakil Halobacteriales pleomorphic virus 1 should be placed within genus Betapleolipovirus. By contrast, Danakil Nanohaloarchaeota pleomorphic virus 1 branched outside of the Pleolipoviridae, suggesting that it represents a separate virus family.



	Text of Taxonomy proposal:  

	
Taxonomic rank(s) affected:       
Monodnaviria; Trapavirae; Saleviricota; Huolimaviricetes; Haloruvirales

Description of current taxonomy:       
Monodnavirian kingdom Trapavirae currently comprises two families, Pleolipoviridae (phylum Saleviricota, class Huolimaviricetes, order Haloruvirales), which includes haloarchaeal viruses with enveloped pleomorphic virions and single-stranded (ss) or double-stranded (ds) DNA genomes, and Thalassapleoviridae (phylum Calorviricota, class Caminiviricetes, order Ageovirales), which contains pleomorphic viruses infecting hyperthermophilic anaerobic archaea of the class Archaeoglobi. Both families comprise three genera.

Proposed taxonomic change(s):     
We propose creating one new species within genus Betapleolipovirus (family Pleolipoviridae) and one new family, “Nanopleoviridae”, within the order Haloruvirales, for classification of viruses associated with archaea of the candidate phylum Nanohaloarchaeota.

Demarcation criteria:
Demarcation criteria for family Pleolipoviridae (Liu et al., 2022):
Genera are identified by the gene content and well-supported monophyletic groups based on phylogenomic analysis of the whole genome sequences. The following criteria are used to differentiate genera in the family:
· Genome type i.e. linear or circular
· Alphapleolipoviruses have either single-stranded or double-stranded circular DNA.
· Betapleolipoviruses have circular double-stranded DNA genomes that can contain single-stranded discontinuities
· Gammapleolipoviruses have linear double-stranded DNA genomes
· Besides the conserved cluster of five genes shared by all pleolipoviruses (genes 3, 4 and 8; ORFs 6 and 7 of Halorubrum pleomorphic virus 1 (HRPV-1)):
· Alphapleolipovirus genomes share an ORF coding for a rolling circle replication initiation proteins (RCR Rep).
· Betapleolipovirus genomes share two ORFs coding for proteins of unknown function (e.g. Halorubrum pleomorphic virus 3 ORFs 6 and 9). One of those is predicted to contain a winged helix-turn-helix (wHTH) domain.
· Gammapleolipovirus genomes have a gene encoding a putative type B DNA polymerase

Proposed demarcation criteria for the “Nanopleoviridae”:
We propose using 95% sequence identity as a species demarcation criterion, to be consistent with the classification of other bacterial and archaeal DNA viruses, including pleolipoviruses (Liu et al., 2022). Viruses will be assigned to different genera based on differences in the gene contents and if they form monophyletic groups in phylogenomic analyses of the whole genome proteomes.

Justification:      
Geothermally influenced salt lakes in the Danakil Depression, Ethiopia, some of the most extreme ecosystems known, are dominated by microbial communities consisting of haloarchaea and nanohaloarchaea (Belilla et al., 2021; Gutiérrez-Preciado et al., 2024). Analysis of metagenomes from Lake Assale or Karum (samples Ass and 9Ass collected during different years), cave reservoir at the Dallol proto-volcano salt canyons (9Gt) and two of the Western-Canyon Lakes (WCL2 and WCL3) (Gutiérrez-Preciado et al., 2024) using geNomad (Camargo et al., 2024) and VirSorter2 (Guo et al., 2021) yielded 2,085 viral contigs (≥5 kb). Among these, two complete virus genomes (circular contigs, i.e., with direct terminal redundancies) could be assigned to haloarchaeal and nanohaloarchaeal hosts, respectively, based on specific CRISPR spacer-protospacer matches (Zhou et al., 2025). Based on the presence of signature genes involved in virion morphogenesis, these viruses could be assigned to Haloruvirales, an order of DNA viruses with enveloped pleomorphic virions composed of two major structural proteins, a membrane fusion/spike protein (homologous to HRPV-1 VP4, gene 4) and a membrane-embedded matrix protein (homologous to HRPV-1 VP3, gene 3) (Figure 1). Here, we propose classifying Danakil Halobacteriales pleomorphic virus 1 (DHPV1) into a new species, “Betapleolipovirus danakilense”, within genus Betapleovirus (family Pleolipoviridae) and Danakil Nanohaloarchaeota pleomorphic virus 1 (DNPV1) into a new family, “Nanopleoviridae” within the order Haloruvirales (Table 1).  

To assess the relationship between DHPV1 and DNPV1 with other members of the kingdom Trapavirae, we performed phylogenomic analysis using the VICTOR, a tool previously applied for analyzing the relationships between virus groups within kingdom Trapavirae and for delineation of genera within Pleolipoviridae (Liu et al., 2022). This analysis confirmed the monophyly of the previously established families Pleolipoviridae (Liu et al., 2022) and Thalassapleoviridae (Baquero et al., 2024) and showed that DHPV1 was nested within a clade corresponding to the Pleolipoviridae genus Betapleolipovirus, whereas DNPV1 and a related provirus (Atlit Nanohaloarchaeota pleomorphic virus 1, ANPV1; Zhou et al., 2025) formed a separate group outside of Pleolipoviridae (Figure 2). Notably, unlike all classified viruses in the genus Betapleolipovirus, DHPV1 does not encode a signature protein suspected of being involved in genome replication. Instead, the virus encodes a rolling circle replication initiation endonuclease (Rep). Although rolling circle Reps are typical of members of the genus Alphapleolipovirus, the Rep of DHPV1 is not recognizably similar to any of these proteins. Instead, BlastP analysis showed that DHPV1 Rep is related to homologs encoded by simulovirids  Haloterrigena jeotgali icosahedral virus 1 and SNJ1 (30% sequence identity to both). In this respect, DHPV1 resembles Haloferax volcanii pleomorphic virus 1 (HVPV-1), an unclassified pleolipovirid which is nested within the genus Betapleolipovirus but lacks the signature gene typical of viruses in this genus (Alarcón-Schumacher et al., 2022). Notably, however, HVPV-1 also lacks the gene for the rolling-circle Rep. Thus, consideration of the replication protein gene as a demarcation criterion might prove to be impractical and at odds with the phylogenomic analysis. Alternatively, with the expanding diversity of pleolipovirids discovered through metagenomics (Alarcón-Schumacher et al., 2023), Betapleolipovirus genus in particular and Pleolipoviridae family, in general, might need revision.

As noted above, DNPV1 and related provirus ANPV1 formed a separate group outside of Pleolipoviridae and all other clades of related viruses, including viruses of the family Thalassapleoviridae infecting hyperthermophilic archaea of the class Archaeoglobi (Baquero et al., 2024) as well as as of yet unclassified pleomorphic viruses associated with methanogenic archaea of the Mathanomassiliicoccales and Mathanonatronarchaea (Medvedeva et al., 2023; Figure 2). DNPV1 and ANPV1 represent the first pleomorphic viruses associated with ultra-small symbiotic archaea of the phylum Nanohaloarchaeota (Zhou et al., 2025). Separation of pleomorphic viruses in phylogenomic analyses according to their host phylogeny suggests deep divergence of the corresponding viruses from their common ancestor and co-evolution with their respective hosts. We propose classifying DNPV1 into a separate family, “Nanopleoviridae”, and to place this family into order Haloruvirales, which currently includes Pleolipoviridae. We note, however, that given the vast diversity of haloarchaeal pleolipoviruses, most of which are unclassified (Alarcón-Schumacher et al., 2023), it is expected that the family will be elevated to an order level. In such case, “Nanopleoviridae” would have to be moved to a separate order.
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Table 1. Proposed taxonomy and classified viruses.
	Order
	Family
	Genus
	Species
	Virus name
	GenBank accession
	Genome size, bp

	Haloruvirales
	Pleolipoviridae
	Betapleolipovirus
	Betapleolipovirus danakilense
	Danakil Halobacteriales pleomorphic virus 1 (DHPV1)
	PQ827551
	9186

	Haloruvirales
	Nanopleoviridae
	Milaagivirus
	Milaagivirus danakilense
	Danakil Nanohaloarchaeota pleomorphic virus 1 (DNPV1)
	PQ827562
	9084


[image: ]Figure 1. Genome maps of new haloruvirals. a. Danakil haloarchaeal pleomorphic virus 1 (DHPV1). b. Danakil nanohaloarchaeal pleomorphic virus 1 (DNPV1). HTH, helix-turn-helix domain protein; REase, restriction endonuclease; Rep, rolling circle replication initiation protein; HRPV-1, Halorubrum pleomorphic virus 1.

[image: ]Figure 2. Inferred phylogenomic tree of pleomorphic viruses associated with different archaeal lineages. The tree is based on whole genome VICTOR analysis at the amino acid level (Meier-Kolthoff and Göker, 2017). The tree is midpoint rooted and the branch length is scaled in terms of the Genome BLAST Distance Phylogeny (GBDP) distance formula D6. The numbers above branches are GBDP pseudo-bootstrap support values from 100 replications.
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